the theory appeared virtually unassailable because of its flexibility, 'the ease with which it overcomes difficulties proves to be its weakness since it gives it greatly diminished predictive capacity'. He went on to consider the more productive approach being developed by Ingold and his co-workers. Despite the considerable and sustained effort that went into its preparation, the thesis itself was not redolent with plans for further work indicating perhaps his early wish to develop his talents in other directions.
Following the award of his Ph.D. he had two brief periods in industrial laboratories. From 1927 to 1929 he worked as a chemist for the Rubber Research Organisation and from 1929 to 1930 as a chemist for ICI. His work with the Research Association of the British Rubber manufacturers in Croydon involved some research on rubber compounds including ebonite and also entailed the laborious preparation of some hundreds of abstracts of papers in English, French and German for the Association's library. His period with the ICI subsidiary, British Dyestuffs Corporation, in Manchester and Huddersfield gave him some analytical experience on naphthalene intermediates but seemed to provide little inspiration for original research. Significantly, no publications arose from this earlier work in marked contrast to his productivity in later years. P l y m o u t h a w a k e n in g (1930) (1931) (1932) (1933) (1934) (1935) (1936) (1937) (1938) (1939) (1940) The ocean pasture
In 1930 a vacancy arose at the Plymouth Laboratory of the Marine Biological Association of the U.K. for an assistant chemist which was to provide him with the opportunity to develop his talents to the full. Part of the assessment procedure, at the insistence of the Development Commission, was a sea trial to test his ability to work effectively under rough conditions. By all accounts he was sick on board the notoriously 'active' steam drifter/trawler Salpabut was not as incapacitated as the other candidates. He frequently expressed his strong views on the lack of comfort and scientific facilities on board Salpa and in later years he was able to rectify these problems by taking a leading role in the specification of R. V. Sarsia -probably the most effective research vessel ever owned by the Association. Leslie Cooper was appointed as Assistant Chemist to the Plymouth Laboratory of the Marine Biological Association on 22 August 1930. On his appointment he immediately appreciated the creative and scholarly atmosphere that was the keynote of the Laboratory. The tenor of the laboratory in which Cooper was now employed had been set over a period of more than 30 years by the Director, Dr E.J. Allen, F.R.S. Much of the work of the laboratory was structured around those special scientific problems of a fundamental character which bare directly upon fishery investigation'. According to Allen's philosophy 'the investigation of the sea must proceed on broadly conceived lines and a comprehensive knowledge must be built up not only of the natural history of the fishes but also of the many and varied conditions which influence their lives. The life in the sea must be studied as a whole'. According to Professor Eric Mills 'individuals were appointed on their merits as equals to contribute freely in their own ways to a collective understanding of the marine ecosystem'. The Allen tradition of independent, curiosity-led research relating to major and broadly stated environmental concerns suited Cooper's temperament perfectly.
He was appointed to the physiology department to work under Dr W.R.G Atkins, F.R.S., to develop precise analytical methods for the determination of nutrients in sea water. Atkins was a brilliant observationalist and had developed some elegant classical colorimetric procedures for nutrient analysis which depended upon the use of Nessler tubes which were compared by eye -an operation which he performed with great skill. Cooper saw that the new colorimetric methods could provide a greater accuracy and rapidity of analysis and set to work using an instrument based on a large oak and brass absorptiometer designed and built by Harvey. He adapted techniques for the determination of nitrate, nitrite, ammonium and silicate. In 1935 he introduced a Pulfrich photometer, although it was some time before these instrumental techniques replaced the visual comparator. The job of providing the nutrient analyses was a challenging one because of the very low and variable concentrations of these nutrients in sea water and because the high concentration of salts in sea water raised problems concerning the preparation of accurate standards. This was to be a true test of Cooper's 'bulldog' spirit. Atkins was not an easy character and he tended to treat Cooper as a technical subordinate rather than as a colleague. Within a year Cooper had moved over to work with Dr H.W. Harvey, F.R.S., and had begun to take over some of the routine hydrographic work. The development of Cooper's work at this time and the evolution of his very productive partnership with Harvey, Lebour and Russell have been very succinctly described by Eric Mills. I have, with the author's permission, drawn freely on these closely researched essays.
With characteristic energy and determination he began an extensive series of analyses of samples from the English Channel over the next few years (4-6)*. These studies provided the comprehensive set of field data that was needed to test the hypotheses that had been developed by Harvey through a combination of clear insight and careful experimentation on the basis of the observations that he and Atkins had made over the previous decade. Cooper also brought to bear his own considerable theoretical understanding in carrying out a careful re-analysis of the previous six years of nutrient data. Cooper's careful use of statistical analysis, a skill which he had learnt from the statistician R. A. Fisher of Rothamsted Experimental Station, also introduced a new level of rigour into the work of the Plymouth group. This work supported Harvey's concept that nitrate may have a limiting role in controlling the growth of phytoplankton. Cooper (13) summarized these findings by saying that once the spring outburst is complete it would seem that nitrate is much more likely to prove a limiting factor hindering further growth than phosphate and that a marked increase in phosphate at mid summer may not necessarily be followed by a second phytoplankton outbreak. Thus during this period of the year nitrate is likely to prove the more reliable guide to the subsequent economy of the sea.
The development of this work and his related analyses of the phosphorus, nitrogen and chlorophyll content of phytoplankton (8,23) helped provide a sound basis for a collaborative study involving Harvey, Cooper, Lebour and Russell which began in 1934. This study was to lay the foundation of the modern concepts of the factors controlling phytoplankton populations by bringing together studies of the physical and chemical factors influencing phytoplankton growth and the biological factors restricting populations. In the words of Harvey 'an intimate relation or balance exists between ever varying populations of carnivores, herbivores and vegetable food which in turn is sometimes controlled and always affected by the available nutrients, salts and illumination'. The success of Cooper's survey studies in providing the data necessary to clarify the nutrient control hypothesis led Harvey to believe that the time was ripe for an attack on the second component of his grand design -the grazing down of phytoplankton numbers by herbivorous zooplankton. In 1933 Harvey persuaded a somewhat reluctant team consisting of Leslie Cooper, F.S. Russell, and Marie Lebour to join him in devoting a year to studying the plankton cycle in the English Channel close to Plymouth. Harvey was polite and diplomatic, the opposite of Atkins, and could see clearly the need for a concerted attack on the problem of grazing control. Russell had already been involved in a long term study of the distribution of fish eggs, larval fish and other zooplankton and had only recently observed dramatic and unexpected shifts in numbers and species composition. These observations were to lead to the establishment of the Russell Cycle -periodic changes in the abundance and composition of planktonic populations in the Channel. Marie Lebour had an extensive knowledge of decapod crustaceans and fish larvae and had published definitive works on planktonic diatoms and dinoflagellates. Together they made a formidable team.
The Station chosen was the ICES station L4 which was conveniently situated about five miles southwest of the Plymouth Breakwater in the partly stratified waters between Plymouth and the Eddystone Reef. This station was occupied at regular intervals between January 1934 and the outbreak of the spring bloom in 1935. Cooper's role was to determine constituents of sea water (nitrate, ammonia, silicate, pH, oxygen and alkalinity) that had previously been Atkin's responsibility and to provide the hydrographic data under the direction of Harvey. Phytoplankton analyses were taken by vertical net hauls by Harvey and zooplankton records were collected by Russell and Lebour. Marie Lebour's painstaking work also produced direct counts of phytoplankton abundance, and the elemental composition of the phytoplankton cells was measured by Cooper. Faecal pellets were obtained and counted from the samples collected by Harvey's plankton nets.
This intensive and laborious study led to a classic paper 'Plankton production and its control' (11). The overall picture was one in which the rate of growth of the bloom was controlled by the availability of nutrients and light whereas the phytoplankton density was controlled by the close grazing of herbivorous zooplankton. The data set obtained was remarkably comprehensive and has only been matched by studies of the carbon cycle that have taken place over the past five years. This study, therefore, above all others set the paradigm for the interdisciplinary studies that are now taking place on an international scale to study the role of oceanic plankton in controlling atmospheric carbon dioxide levels.
By carefully determining the composition of the phytoplankton (16,23), Cooper was also able to confirm Harvey's earlier suggestion that the major nutrients were assimilated by the phytoplankton in fixed ratios to one another and to the cell concentrations of carbon. When corrected for salt errors the data gave mean N:P ratios of 15:1 in the water column and 16:1 in the phytoplankton. These ratios were closely similar to those being obtained in the western Atlantic by Redfield -whose name was to become most commonly associated with this concept of constant proportions. According to Mills:
Cooper's contribution to the Plymouth group's theory of plankton dynamics was rapid and important, but his main job was to provide chemical analyses and chemical advice to his colleagues. Though seemingly prosaic, Cooper's analyses -determination of the phosphorus and nitrogen content of phytoplankton -provided Harvey with the basic currency, phosphorus content, needed to allow the nutritional values of plankton samples to be compared. Next, at Harvey's request, he provided information about the rate at which phosphorus was released from decomposing plankton cells. These innovations, Cooper's contributions to a revolution in methods, led to a synthesis of the Plymouth group's work, based on Harvey's conceptual model of a closed planktonic system, within a year of their introduction. P h y s ic a l c h e m is t r y o f se a w ater A second major theme in the development of his early work at the Plymouth Laboratory was a strong interest in the physical chemistry of sea water that was very much stimulated by Harvey. In the 1920s and 1930s considerable advances had been made in understanding the physical chemistry of electrolyte solutions. These changes were triggered in large measure by the publication of Lewis and Randall's textbook on Thermodynamics in 1923, and Debye and Huckel's classic paper on the 'Theory of Electrolytes' in the same year. Harvey had been aware of these developments and in 1931 had worked in Helsinki with Kurt Buch, Herman Wattenburg and Stena Grippenberg in a committee organized by the International Council for the Exploration of the Sea (ICES) to develop a sound theoretical and experimental approach for the reassessment of techniques for pH measurement and for the determination of the stability constants for the carbon dioxide system in sea water. Leslie Cooper was very receptive to these ideas and quickly adopted the new protocols to follow up Atkins's work in the early 1920s on the seasonal variations in the carbon dioxide system in the English Channel which had been used to estimate carbon fixation from shifts in the total carbon dioxide level in sea water (9). These calculations seemed to have triggered his interest in the physical chemistry of sea water. Harvey and Cooper were well ahead of their time in applying these techniques so effectively. It was not until Harvey published his book Recent advances in the chemistry and biology o f sea water in 1945 that these new procedures gained wider acceptance. Furthermore it was not until the International Joint Global Ocean Flux Study carried out its bloom experiment in the North Atlantic in 1989 that the relationship between the carbon dioxide system and the biological carbon cycle was to be studied again in such detail.
From Harvey, Cooper also gained an interest in, and an enthusiasm for, the chemistry of iron in sea water. Harvey had long suspected that iron might be a critical nutrient in controlling phytoplankton growth and he encouraged Cooper in 1933 to apply some of the rapidly developing theories of chemical speciation in electrolyte solutions to provide information on the biological availability of iron in sea water (10, 18) . These theoretical studies ran in parallel with experiments carried out by Harvey on the assimilation of iron by diatoms. In association with this work Cooper also explored the possibility of determining the redox potential of sea water by the use of platinum electrode measurements (15) . The papers describing this work have become classics in the marine chemistry literature. The problems of iron assimilation and of the determination of the redox potential of sea water have, for the reasons identified by Cooper, remained two of the most controversial and problematic areas of research to the present day.
Towards the end of the 1930s Leslie Cooper became interested in the rapid development of precise potentiometric techniques for the study of acid base equilibria by H.S. Harned and his co-workers in Harvard. This group was at the very forefront of the development of a concise physical chemistry for electrolyte solutions and Cooper began to lay plans for an extended visit to their laboratory to carry out experimental studies of the iron system in salt solutions. A clear indication of his awareness of and rapidly developing interest in this field is the presence in his personal library of first editions of many of the seminal works of classic electrochemists such as Onsager, Falkenhagen, Brpnsted and Nernst -purchased at a time when salaries were not over generous and he was establishing a home for his rapidly growing family.
In 1939 he was awarded a Royal Society E.T. Browne Fund grant to travel to the United States and study with Hamed and his group. His intention was to study the stability constants of the ferrous iron-dipyridyl interaction, and the related acid-base constants, in salt solutions. He considered that the slow kinetics of this interaction might provide a means of investigating the biological uptake of ferrous iron from seawater. He set sail for the United States in August 1939, just a matter of weeks before World War II was declared. On his arrival in Washington shortly after the outbreak of war he immediately sent a letter to the Laboratory saying that:
In the light of developments I ought not to have left England for I feel now that I should return home as soon as my services can be used, either in a technical capacity or, in one of the fighting services, preferably Naval. I have rounded off my work at Plymouth so that there is little for me to do there and my wife and children are with her family in Bangor, North Wales, as safe a spot as could be found. I am therefore proceeding with my original programme, since even if I cannot initiate my main research, the contacts I am making should prove of some value. On receipt of a letter or cable from you or a Government Department I will return on the first available ship.
He never returned to an experimental study of the iron system which had so preoccupied him in the years immediately before World War II. Dr A.G. Davies was appointed to the Laboratory in 1966 to study iron uptake and metabolism by phytoplankton. Cooper continued, on a low key, his theoretical studies of iron speciation (29, 34) and, just before his retirement, he carried out a study of mercury speciation. However, he maintained a keen interest in the field and eventually was able to promote further developments in the physical chemistry of sea water at Plymouth by encouraging my own appointment to the staff in 1970. W a r s e r v ic e (1940) (1941) (1942) (1943) (1944) He returned to the Laboratory in March 1940 and within one week he had been appointed as an Experimental Officer in the Chemical Inspection Department of the Ministry of Supply. He was posted, at various times, to ordnance factories in Wrexham, Bickley (near Orpington) and Ardeer (Ayrshire). He was not keen on this position from the start, but with typical determination he set to provide efficient and effective service. In a letter to Dr Kemp, the Director of the Laboratory following Allen's retirement, the Chief Chemical Inspector commenting of Dr Cooper's war service stated that I would stress that he has thoroughly and wholeheartedly carried through much work which may not have been of immediate technical interest to him, thereby demonstrating that his objective throughout has been to help us to meet our difficulties, and to contribute to the general efficiency and well-being of the staff and work of the Department.
I have been able to find few details of his work during this period. In August 1940 Cooper wrote to Dr Kemp:
I am now spending a month at the Royal Gunpowder Factory, Waltham Abbey, examining the manufacturing process for the materials which later on I shall have to inspect. It is a quiet job, but liable to lead to nitroglycerine headaches and other unpleasant consequences.
As part of his work he also became well known for his championing of the use of chemical control methods in allotment gardening. On his return to the Plymouth Laboratory in December 1944 he initiated a research programme that was to follow quite different lines from those that he had been pursuing immediately prior to the outbreak of war. P h y s ic a l o c e a n o g r a p h y In 1945 the Director, Stanley Kemp, died. His place was taken by Frederick Russell who immediately set about the task of reconstructing and developing the Laboratory which had been seriously depleted through the dispersion of its staff to war duties and the extensive damage resulting from the air raids in March 1941. E.J. Denton and A J. Southward, in their biographical memoir of Frederick Russell, remark:
His main policy was, however, that of recruiting a dedicated staff who between them could cover a wide range of disciplines in marine science and allowing them, under broad policy guidelines, to follow their own lines of research. He backed his own judgement of people and protected and encouraged his staff through periods when their research was either not going well or not generally appreciated. L.H.N. Cooper, for example, often expressed his gratitude for unfailing support during several years when his results and theories were not accepted, to the time when both were confirmed and he was elected F.R.S. in 1964.
These were indeed difficult years for Leslie Cooper. He was developing new lines of research at a time when resources were scarce. He had only one water bottle in 1948, a large Nansen-Petterson insulated bottle. This gave temperatures that did not need to be corrected for adiabatic decompression effects, but required at least five minutes at each depth to equilibrate so that a single station could last an hour or more. A small bottle on a rope was used to obtain surface nutrient samples. He was not able to get the five reversing bottles he needed until the Royal Society provided him with a grant. According to Mills:
Despite his cherished independence it is clear that Cooper kept his work by choice within the conceptual bounds suggested by Harvey's ideas and the Russell Cycle. All his major research, both on nutrients during the 1930s and on physical oceanography later, fell within the framework established in his collaboration with Harvey, Lebour and Russell in 1934 adapted later to the broad scale problem of how oceanic production is controlled.
He continued the nutrient analyses in the English Channel that he had pursued with Harvey in the 1930s. The emphasis now was on phosphate levels, both in the over-wintering waters and during the development of the spring bloom. His interests had clearly been strongly influenced by the observations of Russell in the 1930s of major shifts in phosphate levels, in productivity and in the species composition and abundance of the zooplankton. From 1946 to 1967, the chemical analyses were carried out by F.A.J. Armstrong whom Cooper had met during his war service with the Ministry of Supply. Armstrong was joined in 1956 by E.I. Butler who, like Armstrong, had had experience in the laboratory of the Public Analyst. Ian Butler was to continue this work until his own retirement in 1988. Together these investigators continued the work of Atkins, Harvey, and Cooper on the nitrogen and phosphorus cycles, and later introduced techniques for measuring the organic fractions which have since proved to be of crucial importance in understanding the ocean nutrient cycles. With this area of work in good hands, Cooper's interests roamed farther afield and he began to study in more detail the physical oceanography of the Celtic Sea (37, 43, 50, 72, 73, 85, 87) and the interaction there of many water bodies, including the oxygen deficient waters from the Gulf of Gibraltar and the well oxygenated waters from Morocco. He hoped that, by following through such studies, he would be able to identify the source of the nutrient rich waters observed in the Channel in the 1920s and the processes driving the depression of nutrient levels, particularly the winter phosphate levels in the intervening years.
Using the concept of indicator species characteristic of different water bodies, Russell had suggested that these major changes might be driven by alterations in the nature and source of the waters flowing through the English Channel. In particular the arrow worms Sagitta elegans and Sagitta setosa had provided useful indicators of biological change in the English Channel. Sagitta elegans was characteristic of the nutrient rich water in the central Celtic Sea. Cooper was deeply impressed by these major changes and the focus of his work shifted to an evaluation of the physical processes that might drive these perceived water movements.
The Laboratory had acquired the research vessel Sabella which was much more seaworthy than Salpa but was by no means ideal for research at sea. He began work on the ocean waters to the west and southwest of the Channel in an attempt to understand the origins of the waters on the Continental Shelf. During the 1940s and 1950s he considered the possibility of using a number of animals as indicator species, including the siphonophores Muggiaea atlantica and Muggiaea kochii in addition to the Sagitta species, as suggested by Russell. However, his main emphasis was on the physical processes. He studied the impact of tidal energy and bottom topography on the stratification and distribution of planktonic species in the English Channel and the effects of winter cooling and proposed the westward flow of deep water over the Shelf to the edge of the slope southwest of Ireland (37, 44) . During this period he was involved in numerous cruises, not only on Sabella, but also on R.R.S. Discovery II and H.M. Survey Ship Cooke and the U.S.S. Hydrographic Vessel Rehovoth.
He continued to use both oxygen and phosphate as useful chemical indicators of water masses and investigated the regeneration of phosphate on the muddy bottom in the environs of the Labadie Bank. In 1955 he published two papers which suggested that deep water movements in the North Atlantic provided a link between climatic change around Iceland and the biological productivity of the English Channel and the Celtic Sea (50, 52). The exceptionally cold winters of 1918, 1920 and 1921 were perceived as providing a driving force behind the formation of Atlantic bottom water which in turn might result in the uplift of water along the Shelf slope and upwelling of nutrient rich water on to the Shelf itself. However, these analyses could provide no clear cut explanation of the sources of the increased levels of winter phosphate that were observed in the English Channel in the 1955. During this period he made a series of significant observations which suggested the impact of internal waves, generated at the shelf slope, on the vertical displacement of water along the shelf edge and on the continental shelf itself (64, 66, 75) . These papers represented a new direction for Cooper and they generated some controversy.
His work in the Bay of Biscay in 1956, looking at the distribution of oxygen depleted water in the vicinity of the La Chapelle Bank, produced the first indications of fine stratification and sudden discontinuities in the distribution of water properties. At the Intergovernmental Oceanographic Commission meeting in New York in 1959 he presented a paper suggesting that the deep ocean was not filled by deep water of continuously increasing density, but by a series of such strata separated by thin discontinuity layers with strongly laminated structures. Density increased in almost a step-wise fashion on progressing down these layers, although the density parameter used at that time (sigma theta) suggested that some layers were hydrodynamically unstable. Cruises in the Bay of Biscay in 1960 and 1961 and 1963 provided him with an unparalleled set of samples with which to study the vertical fine structure of the water column. Data from the earlier cruises suggested that there was both marked stratification and considerable variability in the properties of the deep layers between 1800 and 2000 m. The 1963 studies were at depths of 750 and 850 m where Labrador Sea water overlies Gulf of Gibraltar water. Here oxygen was used as a tracer of water properties (88).
In the 1964 Annual Report of the Marine Biological Association Cooper reported:
For all oxygen analyses duplicate samples had been taken and before titration the sequence of sample bottles randomized. Duplicate analyses, discordant due to experimental error, should therefore have been randomly distributed throughout the whole of the cruise. They were not and were concentrated in one out of twenty-one hoists. In this hoist seven out of eleven depths yielded duplicate analyses differing by more than ten times the standard deviation of the experiment, or rather there was no consistency between adjacent depths which were only ten metres apart. The hoists covered the range 750 to 850 m where North Atlantic central water overlies Gulf of Gibraltar water and irregularities in the temperature, salinity diagram were notable. The only reasonable explanation is that there was not one discontinuity, but many hundred laminae, some of thicknesses measured in metres and some in centimetres. The sampling had been made with the new National Institute of Oceanography water bottles which do not reverse but they may cut, retain and deliver a reasonably undisturbed core of laminated water. Other deeper hoists, in terms of salinity, temperature diagrams showed relatively coarse resolution (on a scale of metres) with sharp stratifications which can change completely within a few days. The laminae with relatively high oxygen are considered to have come from the Continental Slope where cascaded Shelf water had been introduced above the Gibraltar water: those low in oxygen were relatively old.
These observations were striking for their time and represented the fruits of a painstaking study of many hundred oxygen measurements made with high precision by E.I. Butler. George Battin, who helped analyse and plot out the data, recalled Leslie Cooper's intense excitement at these observations. Not until the advent of fully instrumented vertical profilers capable of taking continuous records of salinity, temperature and oxygen some ten years later were these measurements verified and amplified by more broadly based study. These findings were amplified by Cooper in a paper on stratification in the deep ocean (88) in 1967 following the confirmation of his initial observations using improved techniques on an R.R.S. Discovery cruise in the North Atlantic in collaboration with R.D. Pingree. Work on the biological implications of the layered water structures was apparently brought to a halt when British Rail staff ran a train over the special Colman wire used in the casts while the Sarsia crew were taking a well-earned rest in a local hostelry. During this period, Cooper was also busily revising his views about the history of the North Atlantic, and the history of the Celtic Sea during the Pleistocene glaciations, topics which were to continue to exercise his mind from his retirement in 1972 to his death in 1985. His work on the Celtic Sea led him to take a solo trip to Ireland by car when he was nearly eighty. From 1969 he acted as Deputy to the Director of the Laboratory and devoted most of his energies to these duties, and to ensuring the continued vitality of the areas of science that he had promoted. He took great pleasure from his leading role in the introduction of computing to the M.B.A. and was instrumental in the appointment of D.K. Griffiths and L. Maddock (nee Pennycuick) to raise the level of computer literacy within the Laboratory. He was fully aware of the tremendous impact that the very rapid development in computing would have on the progress of marine science. He campaigned actively for the Marine Biological Association to introduce its scientists to this powerful new tool by championing the connection of the Laboratory to the Atlas Computer in Chiltern in 1969. He was also the first to introduce 'computing' at sea to the laboratory by taking a mechanical calculator on board ship. It was temperamental and frequently jammed in rough weather but it was far more accurate than the slide rules in common use and extended significantly the range of analysis that was possible on the data while the ship was at sea. His encouragement of the work of R.D. Pingree (then of the National Institute of Oceanography) brought modern techniques in physical oceanography into the Laboratory. He greatly strengthened the chemical work through his appointment of F.A.J. Armstrong and E.I. Butler and later through his championing of the introduction of modem techniques in physical chemistry. In an interview with Eric Mills in 1982, he characterized E.J. Allen by saying that he did not direct, but rather 'sowed seeds'. During the last five years before his retirement Leslie Cooper himself sowed many seeds that had a significant impact on the work of the laboratory. P e r s o n a l Leslie Cooper was first and foremost an individual scientist and produced relatively few joint publications. Although he was willing to collaborate with others when the opportunity arose he did not actively seek such joint ventures, but rather preferred to follow his own ideas at his own pace. He was a very determined and painstaking scientist and for those who did work with him he could be a demanding task master who did not suffer fools gladly. George Battin, who worked for him as an assistant, used to recall the exacting schedules of work that were undertaken in the calculation and plotting of the data resulting from the many hundreds of oxygen and salinity samples that were taken in studies of the fine layering of the waters of the Bay of Biscay and analysed by Ian Butler to the limits of accuracy of the methods available. Cooper was a very methodical person and he laid his plans for his sea-going expeditions with great care. All the accessories and accoutrements that he required for his cruises were kept in a strict sequence in a specially prepared container which became known as 'Cooper's box'. His requirements included six different Waterman coloured inks in glass bottles which he used to annotate his charts and graphs while on board -much to the dismay of those who found it difficult even to hold a meal down in the rough waters of Biscay. Any assistant who failed to ensure that this box was properly packed and stowed would be sure of a firm rebuke from Leslie. The high standards he set, and the demands he made on those who worked with him, ensured that Leslie Cooper's experimental and observational work was of high quality and this greatly strengthened the impact of his often innovative ideas. He was meticulous and demanding in his approach and he was also generous with his knowledge.
From his first arrival at the Laboratory in 1930, up to and beyond his retirement, he was always reading widely and drawing new concepts into the study of the chemical and physical factors influencing life in the sea. His studies of the physical chemistry of iron in sea water and of the nature of the redox potential in natural waters, drew on contemporary developments in physical chemistry. He remained closely in touch with these ideas and in the late 1960s he was aware that physical chemistry could once more make significant contributions to the development of an understanding of the chemistry of sea water. I benefitted greatly from his perceptive understanding of the development of the science because it led to my own appointment to the Laboratory in 1970. In all his activities he was keen to encourage young scientists to perceive the excitement and potential of research in marine science. He was active in the formation of the Marine Chemistry Discussion Group in 1970 which from the very beginning provided a forum at which young scientists could present their ideas for discussion without the tyranny of formal proceedings and without the pressure of preparing finalized manuscripts for publication. This organization has been extremely effective in providing good communications between marine chemists in the U.K. and has contributed significantly to the U.K.'s leading position in this field. Leslie Cooper's careful approach also extended to his planning for his many trips abroad. He always took with him a small bag containing essential items, one of which was a bath plug. To illustrate the problems that could arise if one's attention to detail should lapse, he sometimes quoted the story of his trip to India in the 1960s. On arriving at his hotel room, very hot and uncomfortable after a long day's travel, he discovered that although there was a bath in his room it had neither taps nor a plug. Feeling pleased at his preparedness he inserted the plug into the bath and asked for a bath to be prepared while he was arranging his business for the following day. Having luxuriated in the scented waters for some time he removed the plug to replace it with his possessions -and stepped out into a rapidly growing pool of water. Not only did the bath have no taps, it had no plumbing whatsoever.
This anecdote is typical of the other side of Leslie Cooper's character. While he was somewhat reserved and meticulous in his work he had a good sense of humour and was a warm and loving family man. He married his wife, Daloni, in 1935 and he was fortunate enough to celebrate their Golden Wedding Anniversary with her two weeks before his death. Daloni shared with him a love of music and an enthusiasm for mountaineering and for cycling. Leslie was noted for travelling to work on a racing cycle and Daloni was still cycling around Plymouth when in her late seventies. They had a close family of four sons (Alastair, Graham, Roger and Justin) and one daughter (Veronica) to all of whom he was affectionately known as 'father'. They regularly had family holidays at a cottage in Snowdonia and enjoyed the freedom and the seclusion of the mountains. Family occasions at their home in Queensgate Villas in Plymouth were warm and friendly affairs. I remember bringing my own young family of four children to Plymouth in 1970 and being invited to the Coopers' Christmas celebrations shortly after our arrival. Having only seen the formal side of Leslie Cooper, I was surprised that when he opened the door to us he immediately turned to reveal a notice on his back which said 'Methuselah'. He then rounded on us and asked 'Well, am I alive or dead?'.
He was a man of enthusiasms being a dedicated stamp collector and having a life long interest in the development of modern railways and the intricacies of their timetables. The correspondence at the time of his appointment to the M.B.A. is characteristically full of references to railway schedules and in one letter Leslie Cooper refers to no fewer than three routes with different railway companies that he might take in order to join the Association's Research Vessel for his sea trial. This consuming passion for railway timetables remained with him all his life and was indeed inherited by one of his sons. He was also a devout church man, and in typical fashion he was not afraid of being forthright with his rather definite views at church council meetings. Overall the balance of care and compassion in his character led to a full and productive life. S. 1986 . Frederick Stratten Russell, 1897 -1984 The bibliography has been compiled from the references and reprints that Leslie Cooper deposited with the library of the Marine Biological Association and has been checked against the partial bibliography that he deposited with the Royal Society. Additional material has been supplied by R.D. Pingree. The reference list therefore contains those papers considered by Leslie Cooper to be his most important contributions but it may not represent a fully comprehensive record of all of his published works. 
